In May and June 2012, a national point prevalence survey (PPS) of healthcare-associated infections (HAIs) and antimicrobial use was conducted among French patients under home-based hospital care (HBHC). Data from 5,954 patients in 179 volunteer HBHC providers were collected. Prevalence of patients with at least one active HAI was 6.8% (95% confidence interval (CI): 6.1-7.4). Prevalence of those receiving at least one antimicrobial agent was 15.2% (95% CI: 14.3-16.1). More than a third (35.5%) of HAIs were HBHC-associated, 56% were imported from a healthcare facility and 8.5% of indeterminate origin. The main infection sites were urinary tract (26.6%), skin and soft tissue (17.6%), surgical site (15%), and pneumonia or other respiratory tract infections (13.5%). In multivariate analysis, three risk factors were associated with HBHC-associated infections: urinary catheter, at least one vascular catheter and a McCabe score 1 or 2. The most frequently isolated microorganism was Staphylococcus aureus (20.7%), 28.1% of them meticillin-resistant. Non-susceptibility to thirdgeneration cephalosporins was reported in 25.3% of Enterobacteriaceae, of which 16.1% were extended spectrum beta-lactamase-producing strains. The most prescribed antimicrobials were fluoroquinolones (16.1%), and third-generation cephalosporins (14.5%). PPS may be a good start in HBHC to obtain information on epidemiology of HAIs and antimicrobial use.
Introduction
Nowadays, healthcare-associated infections (HAIs) may occur at different steps of the care pathway from hospital to home care. Besides the fact that more and more patients receive high-tech home care, including home infusion therapy, tracheostomy care and ventilator support, dialysis and other highly invasive procedures, home care patients may have substantial host risk factors, including advanced age, chronic illness or immunosuppression [1, 2] . Surveillance of HAIs is thus important in order to identify patients who are at risk of infection and to develop effective infection control prevention measures [1, 2] . In the last decades, the importance of surveillance of HAI in the home care setting has been recognised but literature remains sparse [1] [2] [3] [4] [5] [6] [7] .
In France, a national point prevalence survey (PPS) of HAIs has been organised in healthcare facilities (HCFs) every five years since 1996 as part of the HAI prevention strategy [8] . However, data are lacking concerning care delivered to patients under home-based hospital care (HBHC). This system is becoming an important part of the French healthcare system: in 2011, ca 300 HBHC have provided home healthcare to 12,000 patients each day, accounting for almost 4 million patient days [9] .
The objectives of this paper were to describe the major characteristics of HAIs and antibiotic consumption in HBHC and to identify risk factors associated with HBHCassociated infections, based on the first national PPS conducted on patients under HBHC in 2012.
Methods

Setting
This study was conducted in HBHC providers which were invited to participate in the national 2012 PPS survey. This system is part of hospital care that provides complex medical and paramedical care to individuals in their home. In France, HBHC has to meet the same requirements as hospitals in terms of accreditation, quality and safety of care and prevention of HAIs [10] . They are general and versatile, public or private. Nevertheless, certain HBHC providers can specialise in a particular area of care (e.g. rehabilitation, obstetric or paediatric). Patients of any age, if covered by the national health insurance system, can be admitted with a family doctor's or hospital prescription [10, 11] The home care system is complex and involves a particular context of cooperation and coordination. Various participants are necessary for continuity of care, including the persons involved in the logistic implementations, the HBHC team (physicians in charge of the coordination, nurses, assistant nurses, midwives, physiotherapists, nutritionists etc.) and the team involved in the patient's wellbeing (e.g. family, home help, psychologist). The HBHC providers operate around the clock. The frequency of visits by a nurse varies according to the type of illness and the medical prescription but all patients receive at least one medical visit a week [10, 11] .
Study design and data collection
This study used the French national PPS protocol [12] , which takes into account the European requirements for PPS [13] . However, the French PPS covered not only acute care hospitals, but also rehabilitation centres, long-term care facilities and HBHC providers. The latter had a specific protocol [14] involving a two-step methodology for data collection. All HBHC providers in France were invited to participate in the study between 14 May and 29 June 2012. Regional coordinating centres for nosocomial infection control (CClin) organised training courses on the use of the study protocol and on data collection, and provided technical assistance to local teams. All participating HBHC providers had up to one week during the study period to collect data from their patients in order to account for the extent of the geographical area they cover. A local coordinator, preferably a member of the hygiene team, was responsible for training and managing an investigation team including infection control practitioners or nurses. A senior nurse was responsible for organising visits to patients at home and for assigning a registered nurse or a midwife to help investigators collect data. Data collection was carried out in two steps. Firstly, at the patient's home, the registered nurse or midwife collected clinical data after informing the patient or their guardian about the study and obtaining verbal consent. Secondly, at the HBHC headquarters, the medical investigator completed the patient's questionnaire and confirmed the HAIs and the antimicrobial treatments by examining the patient's medical records.
Data collected included: date of PPS, date of patient admission to HBHC (starting date of home care), age, sex, clinical condition (whether the patient was immunocompromised or had active/advanced cancer and a McCabe score [13] that classifies the severity of underlying medical conditions, specialty area of the patient's care, presence of invasive devices on the day of the survey and whether the patient had one or more active HAIs and/or received antimicrobial treatment. For HAIs, date of onset, infection site, pathogens, origin of HAI (HBHC-associated, imported from a HCF or with an indeterminate origin) were included. Up to three different HAIs per patient and up to two pathogens per HAI could be recorded. Antimicrobial resistance data were collected for selected bug-drug combinations. For antimicrobial use, the type, number (up to five), route of administration and indication (when listed in the patient's medical record) were collected.
The European Centre for Disease Prevention and Control (ECDC) case definitions were used for most HAIs [13] and the McGeer criteria [15] for the diagnosis of pneumonia and respiratory tract infections. An HAI was considered active when signs and symptoms of the infection were present on the date of the survey or when signs and symptoms were no longer present but the patient was still on antimicrobial treatment for this infection on the survey date. HBHC-associated infections were those occurring in a patient during the process of care, neither present nor incubating at the time of starting home care (Day 1), for which the signs and symptoms became apparent after Day 2 and were not associated with a previous discharge from an HCF. Imported HAIs were those that were already present on Day 1 of starting home care or that developed in a patient before Day 3 and for which a discharge from an HCF had preceded the HBHC services (e.g. surgical site infections that met the case definition of an active HAI and occurred within 30 days of the date of surgery or within a year of the surgery in the case of an infection related to a surgically implanted device). For antimicrobial use, the Anatomical Therapeutic Chemical (ATC) classification system established by the World Health Organization (WHO) was used [16] .
Data analysis
Data analysis was performed using Stata 11.2 (StataCorp Texas, US). The prevalence of HAIs was reported as the percentage of patients with at least one active HAI among the total number of patients. Analogously, the prevalence of antimicrobial use was reported as the percentage of patients receiving at least one antimicrobial agent among the total number of patients. Antimicrobial resistance was reported as the percentage of non-susceptible (intermediate or resistant) bacteria among the total number of isolates for which antimicrobial susceptibility testing (AST) results were available. Univariate and multivariate analyses were carried out in order to identify factors independently associated with HBHC-associated infections. Thus, patients with HAIs exclusively imported from an HCF or with an indeterminate origin were excluded from these analyses. In the univariate analysis, comparisons between infected and non-infected patients were performed using the chi-squared test and expressed as prevalence ratios. Multivariate analysis was conducted using logistic regression with all variables that had p < 0.2 in the univariate analysis. Multivariate analysis was completed by a two-level random intercept logistic model, considering patients clustered in their respective HBHC. The Stata command xtmelogit was used to run analyses and data from HBHC that included more than five patients. The final model was computed with a manual stepwise backward elimination. All tests were considered as significant at p < 0.05 in the whole analysis. The −2 log likelihood ratio test and lowest Akaike information criterion score were evaluated in order to determine the model with the best fit.
Results
Data from 5,954 patients in 179 HBHC providers were collected. More than half (55%) of participating providers were public, 35% were private for-profit and 10% were private non-profit. Private for-profit providers included most patients (45.6% 
Healthcare-associated infections
A total of 420 HAIs in 403 patients were reported. The prevalence of patients with at least one active HAI was 6.8% (95% confidence interval (CI): 6.1-7.4). Most of the infected patients (n=387, 96.0%) had only one HAI, 15 (3.7%) had two HAIs and one patient (0.3%) had three HAIs on the day of the survey. The prevalence of patients with at least one HAI was not significantly different for HBHC with different ownership status. Among the patients who received psychiatric/mental healthcare or antepartum care, none presented an infection. The HAI prevalence was significantly lower (p < 0.001) Patients with healthcare-associated infections exclusively imported from a healthcare facility or with an indeterminate origin were excluded from this analysis, as were HBHC that included fewer than five patients (nine HBHC and 41 patients).
in patients younger than 18 years (1.8%) than in patients 18 years and older (7%). Overall, 149 (35.5%) infections in 146 patients were HBHC-associated infections (prevalence: 2.5%; 95% CI: 2.1-2.9), 235 (56%) infections in 228 patients were imported from a healthcare setting (mainly from acute care facilities) and 36 infections (8.5%) in 34 patients had an indeterminate origin. The most common HAIs were urinary tract infections (UTIs), followed by skin and soft tissue infections (SSTIs), surgical site infections (SSI) and pneumonia or other lower respiratory tract infections (LRTIs). UTIs and pneumonia or other LRTIs were the most frequent infections reported as HBHC-associated ( Figure 1 ). Surgical site infections accounted for 26.4% of the 235 infections reported as imported from an HCF.
Risk factors for HBHC-associated infection
Several patient characteristics were associated with higher risk in the univariate analysis: patients who received medical or paediatric care, McCabe score > 0, immunocompromised patients, active/advanced cancer, at least one invasive device, a urinary catheter or at least one vascular catheter (Table 1) . When these factors were analysed using a two-level random effect logistic model, the presence of a urinary catheter (odds ratio (OR) = 2.38; 95% CI: 1.61-3.52), the presence of at least one vascular catheter (OR = 1.89; 95% CI: 1.33-2.70) and McCabe score 1 or 2 (OR = 1.82; 95% CI: 1.07-3.08) were the independent factors associated with HBHC-associated infections (Table 2) .
Isolated microorganisms and antimicrobial susceptibility
A positive microbiology result was available for 274 (65.2%) HAIs (any origin): a single microorganism was reported for 224 HAIs (53.3%); two or more were reported for 50 (11.9%). Among the 324 microorganisms isolated, the most common were Enterobacteriaceae (41%) followed by Gram-positive cocci (40%). Staphylococcus aureus was the most frequently isolated microorganism (21%), mainly in skin and soft tissue infections, followed by Escherichia coli (20%), mostly in urinary tract infections (Figure 2 (Table 3) . e.g. erythromycin as prokinetic agent or when the same antimicrobial agent was prescribed for more than one indication. e Surgical intervention does not occur in home-based hospital care, however, surgical prophylaxis was reported for 17 patients of whom 16 received surgical prophylaxis for longer than two days. The sum of patients treated, by indication, route of administration or reason of antimicrobial treatment, may not be equal to the total number of patients treated with at least one antimicrobial, as the same patient could have had more than one antimicrobial treatments. NA: not applicable. a This category included antimicrobials used for other indications: e.g. erythromycin as prokinetic agent or prescription of a same antimicrobial agent for more than one indication. Only levels 4 and 5 of the Anatomical Therapeutic Chemical classification system [16] are shown. Individual sums may not add up to the totals because only the most frequent antimicrobials are shown here. The categories 'unknown indication' and 'surgical prophylaxis' represented 4.6% and 1.7% of the total, respectively, and are included in the first column.
Antibacterials for systemic use (ATC group J01) accounted for 91.6% of all reported antimicrobials. Antimycotics for systemic use (ATC group J02) accounted for 4.0% of the total reported antimicrobials. The most widely used antimicrobial agents at ATC level 4 [16] were fluoroquinolones (16.1%), followed by third generation cephalosporins (14.5%) and combinations of penicillins with beta-lactamase inhibitors (13.2%), mainly prescribed for the treatment of infections. For medical prophylaxis, combinations of sulphonamides and trimethoprim were the most common group (32.6%). At ATC level 5, the most frequently prescribed antimicrobial agent was amoxicillin, with enzyme inhibitor representing 10.9% of all antimicrobials. It was the most frequently used drug in treatment of community infections, followed by ceftriaxone (9.4%) and sulfamethoxazole with trimethoprim (8.2%), mainly prescribed for medical prophylaxis (Table 4) .
Discussion
To our knowledge, our study is the first to provide estimates of HAIs and antimicrobial use in HBHC in a European country based on a large multicentre patientbased sample. The prevalence of patients with at least one HAI was slightly higher in our study than those found in the PPS conducted in HCFs [17] , however only a third of the total were HBHC-associated infections. Our home care population was at high risk for HAIs with heavy underlying conditions, including diseases with poor prognosis, and with frequent exposure to invasive procedures (especially urinary and vascular catheters) and to antimicrobial agents for either community infection or HAI (mainly fluoroquinolones and third-generation cephalosporins). In addition, our study provides critical data on antimicrobial susceptibility, especially MRSA and ESBL-producing strains.
Our study covered almost 60% of HBHC providers registered in France by the National Agency for Information on Hospital Care (ATIH) [9] . To date, few HAI prevalence studies in HBHC settings have been published despite the growing use of home care services in the recent years [1, 4, 9] . This could be partly explained by the fact that data collection in the home care setting is more difficult than in HCFs owing to the geographical dispersion of homes, difficulty in tracking clinical and laboratory data, and the multiple healthcare workers. In our study, data collection was facilitated by a two-step methodology, previously tested in 2007 in a French pilot HBHC [18] and by the technical and methodological support provided by regional reference centres. Dwyer et al. [19] , in a recently published study in the United States on a national sample representative of people receiving home care, reported that 11.5% of individuals had an infection at the time of the survey, which is higher than the rate found in our study. However, the most common infections including UTIs, pneumonia and cellulitis were the same as ours. However, in the study by Dwyer et al., the study design did not allow determining whether infections were resolved or ongoing or whether infections were associated with the community or with a previous healthcare exposure or with the current home care. In our study, the origin of HAIs was recorded: HBHC-associated infections were defined as those occurring in a patient during the process of care, neither present nor incubating at the time of starting home care (Day 1), for which the signs and symptoms became apparent after Day 2 and were not associated with a previous discharge from an HCF. In another American study, Manangan et al. [4] reported that 16% of home care patients had infections during the study period; 8% of these infections were reported as being acquired at home, which differs significantly from our study. Compared with the Healthcare Associated infections and antimicrobial use in LongTerm care facilities (HALT) study conducted in Europe in LTCFs and nursing homes (NHs) [20] , the prevalence of infected residents in French NHs was similar to our prevalence of HBHC-associated infections.
Compared with included patients from HCFs [17] , our studied patients were older, more likely to have been exposed to at least one invasive device, more frequently immunocompromised or suffering from an active cancer and more likely to have a diagnosis that was rapidly or ultimately fatal than patients included from HCFs. In our study, many individual patient characteristics were associated in the univariate analysis with a HBHC-associated infection, but only the presence of invasive devices and underlying conditions was associated with HAI in the multivariate analysis. This result was obtained using a two-level random intercept logistic model allowing adjustment of the risk estimates for random variations among HBHC, meaning that the results were not influenced by differences between HBHC providers.
In our study, a microbiological diagnosis was made in two thirds of HAIs, as most of the case definitions of HAIs were mainly based on clinical criteria. In addition, AST results were available for the majority of selected bug-drug combinations. Among the few published prevalence studies in home care, only two French pilot studies [5, 18] reported microbiological data on HAIs. S. aureus was the main pathogen isolated in our study, in contrast to results found in PPS in HCFs where E. coli was most frequently isolated [17] . The rates of ESBLproducing strains as well as carbapenemase-producing P. aeruginosa were as high in HBHC as in HCF. Emerging ESBL-producing strains and carbapenemase-producing bacteria remain a rare but scrutinised phenomenon in France. The higher antimicrobial non-susceptibility estimated in our study should therefore be interpreted with caution because the number of isolated microorganisms with information on AST was small.
With regard to antimicrobial use, our study is, to our knowledge, the first published study which presents data about antimicrobial use in the HBHC setting. Some studies reported data on antimicrobial use in nursing home residents [20] [21] [22] [23] [24] and others focused only on outpatient parenteral antimicrobial therapy.
Most of these studies are not directly comparable with our study because of different patient populations and different antimicrobial classification. For instance, in the 2010 HALT study [20] , the prevalence of residents in French NHs receiving at least one antimicrobial agent was lower than the prevalence of patients who received at least one antimicrobial agent in our study. Penicillins, quinolones and other beta-lactams were the most frequently prescribed antimicrobials in the HALT study [20] . In addition, the prevalence of patients receiving at least one antimicrobial agent was slightly lower in our study when compared with those in HCFs [17] . More guidance on the use of antimicrobials for infection or prophylaxis is needed. Overuse and misuse of antimicrobials have resulted in the emergence of multidrug-resistant organisms; monitoring the use of antimicrobials has become a concern in all HCFs, and home care settings should not be an exception.
As is usual in prevalence study designs, some methodological issues have to be raised. Firstly, this study does not allow assessment of the temporal relationship between exposure and outcome, as in other point-prevalence studies, resulting in a possible overrepresentation of infections of long duration (e.g. skin and soft tissue infections) and underestimation of more time-limited infections (e.g. infectious diarrhoea) [25, 26] . Secondly, there was a potential risk of selection bias because the HBHC participating were not a random sample of HBHC settings in France. Finally, due to the large-scale patient-based approach, we could only investigate certain risk factors and may have missed some confounding factors (e.g. parenteral nutrition, comorbidities, some patient characteristics or potential health and safety hazards in the home) [1, 2, 27, 28] . On the other hand, data quality of the survey was controlled by training investigators, searching for missing data, validation of clinical diagnosis by a supervisor and support from regional reference centres. Standardised criteria for infection diagnosis were based on ECDC case definitions for most HAIs and on the McGeer criteria [15] for the diagnosis of pneumonia and respiratory tract infections. Indeed, radiological diagnosis for the latter infections may not be available in HBHC settings. In addition, variability due to HBHC differences was taken into account using a two-level random logistic regression analysis. One additional benefit of this study is that it reinforced awareness about infection control among the large number of participating home care staff and that the impact of this study could encourage more staff to participate in future PPS.
In conclusion, PPS may be a good start in HBHC to obtain information on the epidemiology of HAIs and to quantify the burden of HAIs and antimicrobial use.
Programme initiatives in such settings should include surveillance of the more critical HAIs, staff training and awareness, allocation of sufficient resources for infection control teams, fostering the safety culture of healthcare staff, patient empowerment and definitions of priorities at the national level.
Ethical considerations
According to the French law for biomedical research and human experimentation, an individual written consent from the patients or their relatives was not required for data collection. However, all patients were informed about the study by the nurse before their inclusion.
